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SYSTEM FOR ROUTING DATA 
PACKETS THROUGH A 
CROSSBAR SWITCH IN 
EXPANSION MODE 

Background of the Invention 

[0001] FIELD OF THE INVENTION 

[0002] The present invention relates to the transmission of data packets between Local 

Area Networks (LAN) interconnected by a crossbar switch and relates in particular to a 
system for transmitting LAN data packets through a crossbar switch. 

[0003] BACKGROUND OF THE INVENTION 

[0004] Local Area Networks such as ethernet or token-ring, are generally interconnected 
together through hubs or bridges. The hub is a system made of LAN adapters that 
communicate together through a switch card. This switch card can be either a parallel 
bus or a passive switch card. Each data packet sent through the network has to follow 
a specific data path to reach its final destination. This process is generally known as 
the expansion mode process which is determinant for the high speed switches. In 
order to address this concern the prior art solutions are based on the use of a table 
routing located in front of the switch for rerouting the data packets coming from one 
port to another output port. Based on the table routing content, the mechanism allows 
to change the destination address of the incoming data packet in order to re-route 
this latter to the appropriate switch. In the prior art systems, it is necessary to change 
a specific field in the packet header to route the packet, and to repeat this 
replacement as much as it is required for the packet to reach its final destination, 
which is particularly constraining. 
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[0005] Therefore, it would be desirable to have a routing process and an associated 
system which overcome the drawbacks of the prior art systems. 

Brief Summary of the Invention 

[0006] Accordingly, the object of the invention is to provide a system and method to 

route data packets to their final destination without modifying the packet's headers. 

[0007] Another object of the invention is to provide a system for connecting several (LAN) 
adapters through a switch having the capability to be expandable both in ports and in 
speed. 

[0008] The accomplishment of these and other related objects is achieved by a switching 
module consisting of first receiving means for storing a first number of incoming 
frames; second receiving means for storing a second number of frames; first 
outputting means for outputting a first subset of the first number of frames and the 
second number of frames; second outputting means for outputting a second subset of 
the first number of frames; and switching means, coupled to the first and second 
receiving means and coupled to the first and second outputting means for routing the 
first and the second subsets of the first number of frames and the second number of 
frames to the respective first or second output means. 

[0009] Preferably, the switching module is used in port expansion mode in a data 
transmission system consisting of a number of Local Area Networks (LANs) 
interconnected by a hub which includes a number of LAN adapters respectively 
connected to said LANs. A crossbar switch interconnects all LAN adapters, and is 
characterized in that it comprises at least two switching modules of the type 
previously described and physically connected through a backplane. 

[001 0] A frame sent by an ac | a p ter t0 t he crossbar switch is made of a number of data 

packets of fixed bytes size header. An incoming frame (Ethernet or Token Ring) is split 
within each adapter into a number of data packets having a fixed bytes size wherein 
one byte of each data packet contains the final destination address of the data packet. 
Preferably the frame is split into data packets of 54 bytes. The final destination 
address of each data packet contained in one byte is compared to a switch module 
address range assigned to the first switching module. If the address matches, the 
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respective data packet is stored into an internal memory of the first switching module 
for further outputting to the appropriate LAN adapter. Otherwise, the respective data 
packet is stored into an expansion memory of the first switching module for further 
routing to the second switching module. 

[001 1] In the system of the present invention a data packet sent by an adapter initially 

contains in its header its final destination address which is the physical address of the 
destination switch. The header of the incoming data packet is first analyzed by the 
first switching module and either stored internally or routed to an expansion memory 
whether the data packet header matches the switch module address range or not. 

Brief Description of the Several Views of the Drawings 

[001 2] The novel features believed to be characteristic of this invention are set forth in 
the appended claims. The invention itself, however, as well as these and other related 
objects and advantages thereof, will be best understood by reference to the following 
detailed description to be read in conjunction with the accompanying drawings. 

[001 3] FIG. 1 shows a block diagram of a data transmission system including four LANs 
interconnected by a hub according to the present invention. 

[001 4] FIG. 2 shows a block diagram representing the main functions included in the 
switch module of the present invention. 

[001 5] FIG. 3 shows a block diagram representing the select datajn interface circuit of 
the present invention. 

[001 6] FIG. 4 shows a block diagram representing the data_out interface circuit of the 
present invention. 

[001 7] FIG. 5 shows a block diagram representing the expansion datajn interface circuit 
of the present invention. 

[001 8] FIG. 6 shows a block diagram representing the expansion data_out interface 
circuit of the present invention. 

[001 9] FIG. 7 shows a block diagram of the crossbar data switch circuit of the present 
invention. 
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[0020] FIGS. 8A and 8B show a preferred interconnection scheme between switches of the 
present invention. 

Detailed Description of the Invention 

[0021] The invention is implemented in an environment illustrated in FIG. 1 where a 
number of Local Area Networks (LAN) 10-1,1 0-2, 1 0-3, 1 0-4 are interconnected 
together by a hub 12 including an ATM crossbar switch 14 and the same number of 
LAN adapters (1 6-1 ,16-2,1 6-3,16-4). The Local Area Networks may be of the type 
ATM, ethernet or token-ring. Each LAN is coupled to the switch module 14 by means 
of LAN adapter 1 6-1 for LAN 1 0-1 , 1 6-2 for LAN 1 0-2, 1 6-3 for LAN 1 0-3 and 1 6-4 
for LAN 10-4. Each LAN adapter is respectively connected to the switch module 14 by 
means of a data-input bus 1 3-1 to 1 3-4 and a data-output bus 1 5-1 to 1 5-4. 

[0022] Turning now FIG. 2, a block diagram representing the main functions included in 
the switch module of the present invention is described. The switch module 200 
includes a select data_in logic function 202, a data_out logic function 204, an 
expansion data.in logic function 206, an expansion data_out logic function 208 and a 
crossbar data switch function 210. 

[0023] The select data_in function 202 is made of eight identical "select data_in" logical 
blocks 203-1 to 203-8 for inputting incoming packets from LAN adapters on "data 
input buses" SI to S8 and to be described in detail later with reference to FIG. 3. 

[0024] The data.out function 204 is made of eight identical "data_out" logical blocks 

205-1 to 205-8 for outputting packets on data output buses OUT_l to OUT_8 and to 
be described in detail later with reference to FIG. 4. 

[0025] The expansion data-in function 206 is made of eight identical "expansion data-in" 
logical blocks 207-1 to 207-8 for inputting expansion packets on "expansion data 
input buses" (EXPIN-1 to EXPIN-8) and to be described in detail later with reference to 
FIG. 5. 

[0026] 

The expansion data_out function 208 is made of eight identical "expansion data- 
out" logical blocks (209-1 to 209-8) for outputting expansion packets on "expansion 
output buses" (EXPOUT-1 to EXPOUT-8) and to be described in detail later with 
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The crossbar data switch block 21 0 which general function is to determine the 
appropriate data switching configuration and to be described in detail later with 
reference to FIG. 7 is connected to each individual logical block through internal 
buses: DATA_MUXJN 212-1 to 21 2-8 from the select data-in blocks; EXP.MUXJN 
214-1 to 214-8 from the expansion data-in blocks; and SW_DATA_OUT 216-1 to 
216-8 to the data-out blocks. 

Finally the switch module 200 includes an address configuration range module 
220 for predefining the expansion configuration of the switch module as it will be 
described later. 

It should be noted that the present invention applies for any others organizations 
of the switch matrix such as a 4x4, an 8x8, or a 1 6x1 6. 

FIG. 3 is a detailed block diagram of a select datajn logical circuit 203-1 of FIG. 
2. The select datajn circuit 203-1 is made of a selector 302, a Finite State Machine 
circuit 304, an internal data memory circuit 306, an expansion memory circuit 308, an 
internal memory control circuit 310 and an expansion memory control circuit 312. 
Selector 302 receives incoming data packets through a data input bus 314 (DATAJN) 
and outputs them through two output buses named as DATA_MUXJN bus 21 2 and 
expansion data bus 21 8 (EXP_DATA_OUT). Data input bus 31 4 carries data from LAN 
adapters 16-1 to 1 6-4. Expansion data bus 21 8 carries data to expansion data_out 
blocks 209-1 to 209-8 and DATA_MUXJN bus 21 2 carries data to crossbar data 
switch 210. 

[0031] 

Selector 302 receives several data, clocks and control signals (several bus and 
control signals are shown on the FIG. without reference just for illustration as they are 
basic connections of such circuits) to perform the following functions which are not 
described in detail herein as they may be executed by common techniques which are 
not the aim of the invention. The main functions of selector 302 include determining 
the packet detection time through a synchronization packet signal SYNC; validating 
(signal 31 8) an incoming packet from a LAN adapter; and, based on the content of the 
packet header, routing the packet (on bus 316) to the expansion memory circuit 308 



[0027] 



[0028] 
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or to the internal data memory circuit 306. 

[0032] The FSM logical block 304 performs the following tasks which again are not 

described in detail herein as they may be executed by common techniques which are 
not the aim of the invention. The main functions of FSM logical block 304 include 
receiving packet header detection from selector 302; controlling the memory control 
circuits 310, 31 2; sending request Jor_connection signals to crossbar data switch 
210; receiving grant_connection and acknowledging signals from crossbar data switch 
210; controlling the reading of the packets previously stored either into the internal 
memory or into the expansion memory according to the grant address; and, receiving 
a generaLback_pressure signal from crossbar data switch to inform of an overload of 
the storing modules to stop sending requests. 

[0033] The internal memory control block 310 performs the following common tasks 
which again are not described in detail herein as they may be executed by common 
techniques which are not the aim of the invention. The main functions of memory 
control block 310 includes receiving valid_packet signal 318 from selector 302; 
controlling the write operations of packets coming from selector 302 into memory 
circuit 306; and, controlling the read operations from memory circuit 306 to the data 
mux in block over the DATA-MUX-IN bus 212. 

[0034] Similarly to the previous description of memory control circuit 310, the main 
functions of expansion memory control circuit 312 include receiving valid packet 
signal 318 from selector 302; controlling the write operation of packets coming from 
selector 302 into expansion memory circuit 308; and, controlling the read operation 
of packets from the expansion memory circuit 308 to the expansion data out block 
over the EXP_DATA_OUT bus 218. 

[0035] Finally, memory circuit 306 and expansion memory circuit 308 stores and outputs 
data packets under the control of the respective memory control circuits 31 0, 31 2. 

[0036] Referring now to FIG. 4, one data_out logical block 205-1 of the data„out function 
204 is described. Data_out circuit 205-1 receives a Data out Switch bus 
(SW_DATA_OUT) 216-1 , a Data_Transfer signal (DataJCFER) and outputs data on a 
Data_Out bus OUTJ. 



APP ID-09683231 



Page 6 of 27 



[0037] The data_out logical block 205-1 includes a Finite State Machine circuit 402, a 

Memory control circuit 404 and a Data memory circuit 406. Data memory circuit 406 
is connected to the crossbar data switch through the Data.Switch bus 21 6 to receive 
data from the select data-in blocks or the expansion data_in blocks. Memory control 
circuit 404 receives the Data Transfer signal (DATA_XFER) from the crossbar data 
switch and controls the Write/Read operations of the packets to/from data memory 
circuit 406. Finite State Machine 402 sends and receives various signals (a 
General_Back_Pressure signal, a Queue_Status signal, a Synchronization signal, an 
External_Back_Pressure signal (EXT_BP)) to control the read operation of a packet to be 
sent, and to control the overload of the memory. 

Referring to FIG. 5, one expansion datajn circuit 207-1 will be described. 
Expansion data-in circuit receives data through an Expansion Data Input bus 
(EXPINJ), and outputs data through an Expansion Multiplex Data Input bus 214-1 
(EXP_MUXJN). Again, expansion data-in circuit also receives and sends control 
signals. 

The expansion datajn circuit 207-1 includes a Finite State Machine (FSM) 502, an 
expansion memory control circuit 504 and an expansion memory data circuit 506. 
The expansion memory control circuit 504 receives several signals to validate a data 
packet received from others switches modules 200, control the write operation of the 
incoming packet into the expansion memory circuit 506, control the read operation of 
packets from the expansion memory circuit 506 to the expansion mux in block over 
the "EXP_MUXJN" bus 214, and control the expansion memory overflow. Finite State 
Machine circuit 502 receives and generates several control signals to send an 
Expansion_Request signal (EXP-REQ) to the crossbar data switch according to the 
header address of the incoming packet, generate the read address packet after 
reception of the Expansion.Grant signal (EXP-GRT) sent by the crossbar data switch, 
and control and generate the overflow mechanism. 

[0040] 

Referring to FIG. 6, an expansion data_out circuit 209-1 is shown. The expansion 
data_out circuit consists of a control logic block 602, an expansion memory control 
block 604 and an expansion memory 608. The control logic circuit 602 receives data 
from a select datajn circuit 203-1 to 203-8 on expansion data out buses 218-1 to 



[0038] 
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21 8-8 and mainly performs the followings tasks: selects the available input of the 
expansion memory 608 where to store an incoming rerouted packet; validates the 
selection; controls the expansion overflow of the expansion memory; and, controls 
the general back pressure. 

[0041] In the expansion mode (port or speed expansion), the output of the expansion 
data_out circuit is connected to a second switch module 200 by means of an 
expansion data_out bus (EXPOUT-1) in a way as it will be detailed with reference to 
FIGS. 8A and 8B. 

FIG. 7 illustrates the crossbar data switch 210 of FIG. 2, and consists of a 
switching matrix 702, a multiplex data unit 704, and an algorithm unit 706. The 
Multiplex Data unit performs the multiplex operations between the buses issued from 
the select datajn circuit 203-1 to 203-8 and issued from the expansion data_in 
circuit 207-1 to 207-8 to grant one access. The switching matrix 702 operates under 
the control of the algorithm unit 706 which generates a bit combination on lines 
configuration 708 at each time period in order to configure the switching matrix. The 
bit combination set on the lines configuration 708 allows to address the data coming 
from the multiplex Data unit to the appropriate data_out circuit 205-1 to 205-8 on 
respective bus 216-1 to 21 6-8. The main functions of the algorithm unit 706 include 
receiving request signals to send data from both the select data_in block 202 and the 
expansion datajn block 206; granting the select datajn block 203-1 to 203-8 
and/or the expansion datajn block 207-1 to 207-8; computing during each time 
period the configuration of the switching matrix for the next data output; and setting 
the lines configuration 708 based on the computation. 

[0043] 

FIGS. 8A and 8B illustrate two implementations of port and speed expansion 
modes with the switch module of the invention. FIG. 8A is described but to those 
skilled in the art, the description will apply to FIG. 8B. FIG. 8A is a representation of a 
Port Expansion mode having 3 modules 800, 802, 804 where each module is 
connected to 8 LAN adapters SI -S8, S9-S1 6, SI 7-S24. In this example, the maximum 
number of LAN adapters supported by a card including the three modules is thus 24 
LANs. First expansion output referenced 'ExpU' of first module 800 is connected to 
first expansion input of second module 802. Second expansion output , Exp2_V of 
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first module 800 is connected to first expansion input of third module 804. Similarly, 
first expansion output 'Exp1_2' of second module 802 is connected to first expansion 
input of first module. Second expansion output 'Exp2_2' of second module is 
connected to second expansion input of third module 804. Finally, first expansion 
output 'Expl_3' of third module 804 is connected to second expansion input of first 
module 800. Second expansion output 'Exp2_3 T of third module 804 is connected to 
second expansion input of second module 802. 

[0044] The above described scheme is an example and does not limit the scope of the 

invention to the described scheme. Other connection schemes with any other number 
of modules can also be used. With such a configuration of the input and output ports 
of the modules, the incoming packets are delivered to their destination address 
without the need of changing the destination packet address when it is necessary to 
change a switch module. 

[0045] FIG. 8B illustrates the preferred implementation for a speed expansion mode to 
double the switch speed. 

[0046] After a system power-on or a system reset, the data switch module initializes the 
set of address configuration range module 220 by reading the lO's range information 
of the range module which is done at card level. Referring to Table 1 and FIG. 8A 
which exemplifies a switch module with a 3 lO's pins configuration, configured at card 
level to indicate the range value covered by the corresponding switch module. It 
should be noted that the number of pins can be increased depending on the user 
requirements to cover a higher number of range values. 

[0047] 

[tl] 



Table 1: 



PIN Configuration 


Range value 


000 


0-7 for first switch module 800 


001 


8-15 for second switch module 802 


010 


16-23 for third switch module 804 



A destination address of a packet is composed of eight bits wherein three bits are 
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dedicated to the range comparison according to Table 2. 

[0049] 

[t2] 



Table 2: 



packet bits configuration 
01234567 


packet destination address 


OOOOOxxx 


first module 800 


OOOOlxxx 


second module 802 


OOOlOxxx 


third module 804 



[0050] At each synchronization pulse generated every 54 system clocks, the data switch 
module stores all the bytes of an incoming data packet. As already mentioned, the 
header byte of the data packet contains the destination address of the packet, and the 
other bytes are the data packet content. Next, the data switch module compares the 
packet destination address to its own address range, and then switches the packet to 
the appropriate destination which is either an internal storing location of a select 
data-out block 204 or an expansion storing location of an expansion data-out block 
208. 

[0051] If the destination address of an incoming packet is outside the range address of 
the corresponding module, then the module determines by a comparison of the 
different ranges, the correct expansion data-out block and switches the incoming 
packet to the corresponding expansion data-out block which will reroute the packet 
to its final destination in another switch module. 

[0052] At each synchronization pulse, the switch module analyses the destination 

address of each incoming packet (according to the 10's pins configuration as shown in 
locations 2, 3, and 4 in Table 2) and compares it with its own range address as 
provided by the address configuration module 220 (Table 1). If the destination 
address falls within the range of the module, then the packet is output within a data- 
out block 204 of this latter, otherwise the packet is rerouted on the respective 
expansion data-out circuit 208 based on the packet bits configuration. 
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[0053] In the case the bits configuration of the incoming packet is in the range of the 
corresponding module, then the select data-in circuit 203-1 to 203-8 receiving this 
incoming packet sends the packet to its internal memory 306 through the internal bus 
31 6 as previously described with FIG. 3 and validates the incoming packet by setting 
the valid.packet signal 31 8. 

[0054] Referring to FIG. 8A, consider as an example where the configuration is a 3- 
modules card connected together such as to be in the ports expansion mode and 
interconnecting 24 LAN's adapters. If the LAN adapter connected to port denoted 'ST 
of first module 800 wants to send a frame to the LAN adapter connected to port 'Out- 
1 6' of second module 802, the LAN adapter splits the frame in '53 + 1 = 54' bytes 
packets wherein the header contains the final destination address COut-16 T in the 
present example). The destination address byte of the packet incoming to port 'SI 1 of 
the first module is analyzed by the select data-in function and based on the 
configuration module reroutes the packet without the need of changing the 
destination switch module. In the present example the packet is rerouted to first 
expansion data-out block 209-1 of first module, and then send to the first expansion 
data-in block 207-1 of second module where it is stored in the expansion memory 
506 in order to be later processed by the crossbar mechanism of the crossbar data 
switch 210 of second module to be switched to the appropriated output. As soon as 
the packet is stored into the expansion memory of second module, the expansion 
mechanism sends a request for connection signal to the crossbar data switch in order 
to request a connection to port 'Out-l 6\ The crossbar sends back an acknowledge 
signal in order to inform that the connection will be established at the synchronization 
pulse. At the next synchronization pulse, the expansion-in function puts the 
appropriate data onto the expansion-mux-bus 214-1 and the packet is transferred 
through the crossbar data switch to the destination data-out block 205-8 to be sent 
finally to the connected LAN adapter. 

[0055] Although specific embodiments of the present invention have been illustrated in 
the accompanying drawings and described in the foregoing detailed description, it will 
be understood that the invention is not limited to the particular embodiments 
described herein, but is capable of numerous rearrangements, modifications and 
substitutions without departing from the scope of the invention. The following claims 
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are intended to encompass all such modifications. 
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